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1. 

USE OF TRYPTOPHAN INDOLE AND 
ANTHRANLATE ANALOGSAS PLANT 

TRANSFORMATION SELECTION AGENTS 

This application claims priority to U.S. Ser. No. 60/806, 
280 filed Jun. 30, 2006, the disclosure of which is hereby 
incorporated by reference. 

TECHNICAL FIELD 

The present disclosure relates to the field of plant transfor 
mation using selectable agents. 

BACKGROUND 

Selection of transformed plants and plant cells in vitro 
often poses difficulties. Some of the technical challenges for 
selection include the clumpy nature of plant cell cultures; 
difficulty of single cells or protoplasts to grow and form 
clones; slow cell growth and polyploidy of the cells. Despite 
these problems a large number of successful selection experi 
ments have been carried out to produce genetically engi 
neered plants and cells for improving crop plants. 

There are several types of in vitro selection techniques that 
can be used to obtain cells containing a trait of interest. These 
include selection for growth, selection for valuable com 
pound production, auxotroph selection and resistance selec 
tion. Selection for resistance to an agent is generally the 
preferred kind of selection to screen for transformed cells or 
plants. Some of the examples include selection agents such as 
antibiotics and herbicides. 

Selection for amino acid analog resistance in plants has 
been pursued for a number of years. A primary focus of this 
research has been directed to the enzyme anthranilate Syn 
thase (AS). AS catalyzes the conversion of chorismate into 
anthranilate, the first reaction leading from the common aro 
matic amino acid (shikimate) pathway toward the biosynthe 
sis of tryptophan (Trp). As a branch-point enzyme in the 
synthesis of aromatic amino acids, AS plays a key role in the 
diversion of chorismate into Trp and indolic secondary com 
pound biosynthesis. 

In microbes, AS usually consists of two non-identical Sub 
units, referred to as the alpha Subunit (component I) and the 
beta Subunit (component II). Component I can convert cho 
rismate to anthranilate in the presence of high levels of 
ammonia (ammonia-dependent AS activity), whereas com 
ponent II is responsible for the use of glutamine (hereinafter 
referred to as “Gln) as the amino donor. 

To investigate regulation of the Trp pathway, toxic analogs 
of Trp have been used in metabolic studies of plant cell 
cultures and as a tool to select mutants. Many of these studies 
have been conducted with the growth inhibitor 5-methyltryp 
tophan (5MT). In addition, 5-methylanthranilate was used to 
isolate plant auxotrophic mutants defective in three different 
genes, trp 1, trp2, and trp3.5MT has also been used to identify 
mutants of Chlamydomonas reinhardtii. Mutants resistant to 
5MT or alpha-methyltryptophan (CMT) were reported in 
Arabidopsis thaliana and other plants. The specificity of 
selection with these analogs has not been systematically 
investigated. 
A feedback-insensitive AS gene (ASA1 mutant) has been 

identified by selection of mutagenized Arabidopsis seeds 
resistant to 6-methylanthranilate. A 5-methyltryptophan 
resistant Nicotiana tabacum anthranilate synthase gene 
(ASA2) was reported in U.S. Pat. No. 6,563,025 B1, the 
disclosure of which is hereby incorporated by reference. 
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2 
One of the methods for developing transgenic plants is to 

transform plant cells in tissue culture with a plasmid or an 
expression cassette containing a promoter and selectable 
marker, which also contains a gene of interest. The gene of 
interest expresses the desired trait in the regenerated trans 
genic plant. 

In plants, plastids generally differentiate into several forms 
based on the function they perform. For example, undifferen 
tiated plastids (proplastids) may develop into amyloplasts 
(starch storage), chloroplasts (photosynthesis), etioplasts 
(chloroplasts that have not been exposed to light), elaioplasts 
(storefat), chromoplasts (pigment synthesis and storage), and 
leucoplasts (monoterpene synthesis). Each plastid contains 
multiple copies of the circular 75-250 kilo base plastid 
genome. The number of genome copies per plastid varies 
from more than 100 in rapidly dividing cells to about 20 or 
fewer in mature cells. The plastid genome contains about 100 
genes encoding ribosomal and transferribonucleic acids (rR 
NAs and tRNAs) as well as proteins involved in photosynthe 
sis and plastid gene transcription and translation. 

Plastid transformation utilizes particle bombardment to 
deliver a transgene into the plastids where the integration is 
generally by homologous recombination using homologous 
(identical) plastid DNA sequences (generally about 1-4 kb 
long on each end) flanking the transgenes. The flanking 
sequences act as anchoring regions to initiate site-specific 
gene targeting in the plastid genome and homologous recom 
bination during plastid transformation. 
A plant-derived gene. Such as an AS gene encoding an 

enzyme that is highly resistant to an amino acid analog or 
other agent, is an ideal selectable marker for the production of 
transgenic plants, because it minimizes the environmental 
concern regarding the use of non-plant resistance genes in 
plants for selection. Traditional selectable markers that are 
not of plant origin include nptII, which encodes kanamycin 
resistance. 

Because many of the methods for inserting DNA into 
plants are inefficient and result in large numbers of plants of 
which only a tiny proportion are transformed, need exists for 
a robust plant-derived selection system. Selectable marker 
genes are therefore a pre-requisite for almost all of the current 
methods of plant transformation. 

SUMMARY 

Novel selection agents and methods for plant transforma 
tion using the ASA2 gene are disclosed. Methods are 
described using tryptophananalogs, indole analogs, and mix 
tures thereofas agents for selecting plant cells that have been 
transformed with an ASA2 gene or a fragment thereof, where 
the ASA2 gene encodes a feedback-insensitive form of AS. 
A method for selecting a transformed plant cell includes 

the steps of: 
(a) expressing a nucleic acid sequence encoding a feedback 

insensitive anthranilate synthase (ASA2) or a functional frag 
ment thereof in a plant cell by introducing the nucleic acid 
sequence in the plant cell; and 

(b) selecting the plant cell that expresses the nucleic acid 
sequence by contacting the plant cell with a medium contain 
ing a tryptophan or an indole analog, wherein the tryptophan 
or the indole analog is at a concentration effective to inhibit 
the growth of a plant cell that does not express the nucleic acid 
Sequence. 

Suitable tryptophan analogs include 6-methyltryptophan, 
7-methyltryptophan, and 4-fluorotryptophan, or a combina 
tion thereof, wherein the tryptophan analog is at a concentra 
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tion effective to inhibit the growth of a plant cell that does not 
express the nucleic acid sequence. 

Suitable indole analog selected from the group consisting 
of 4-fluoroindole, 5-fluoroindole, 6-fluoroindole, 6-aminoin 
dole, 4-methylindole, 5-methoxyindole, and 7-methoxyin 
dole, or a combination thereof, wherein the indole analog is at 
a concentration effective to inhibit the growth of a plant cell 
that does not express the nucleotide sequence. 

The vector or expression cassette that harbors the ASA2 
functional sequence or fragments thereof may also include a 
nucleotide sequence that encodes a gene of interest. The 
nucleic acid sequence is introduced by plastid transformation 
or by nuclear transformation. The nucleic acid sequence is 
introduced by homologous recombination for plastid trans 
formation. The nucleic acid sequence is usually introduced by 
particle bombardment. 
A nucleic acid encoding ASA2 or functional fragments 

thereof is operably linked to a promoter functional in a plant 
cell. ASA2 nucleic acid or functional fragments thereof are 
operably linked to a promoter functional in a plastid. In an 
aspect, the gene of interest is under the control of plastid 
promoter. 
The gene of interest may confer one or more of the traits 

selected from disease resistance, increased biomass, reduced 
lignin content, higher nutritive value, stress tolerance, pest 
resistance, altered flowering time, altered maturity, altered 
morphology, compound production, and vaccine production. 
A method for increasing the tryptophan content in a plant 

includes the steps of: 
(a) expressing a nucleic acid sequence encoding a feedback 

insensitive anthranilate synthase (ASA2) in a plant cell; 
(b) selecting the plant cell that expresses the nucleic acid in 

a medium containing a tryptophan analog for example 6-me 
thyltryptophan, 7-methyltryptophan, and 4-fluorotryp 
tophan, or a combination thereof, oran indole analog selected 
from the group of 4-fluoroindole, 5-fluoroindole, 6-fluoroin 
dole, 6-aminoindole, 4-methylindole, 5-methoxyindole, and 
7-methoxyindole, or a combination thereof, wherein the ana 
log is at a concentration effective to inhibit the growth of a 
plant cell that does not express the nucleotide sequence; and 

(c) regenerating a plant from the plant cell, wherein the 
cells of the plant express the anthranilate synthase and 
thereby increase the tryptophan content in the cells of the 
differentiated plant compared to the tryptophan content in the 
cells of the plant that does not express the feedback insensi 
tive anthranilate synthase (ASA2). 
A method of selecting transformed plastids includes the 

steps of: 
(a) expressing a nucleic acid sequence encoding a feedback 

insensitive anthranilate synthase (ASA2) in a plant cell; and 
(b) selecting the plant cell that expresses the nucleic acid 

sequence by contacting the plant cell with a medium contain 
ing a tryptophan analog for example alpha-methyltryp 
tophan, 6-methyltryptophan, 7-methyltryptophan, and 
4-fluorotryptophan, or a combination thereof, or an indole 
analog for example 4-fluoroindole, 5-fluoroindole, 6-fluor 
oindole, 6-aminoindole, 4-methylindole, 5-methoxyindole, 
and 7-methoxyindole, or a combination thereof, wherein the 
analog is at a concentration effective to inhibit the growth of 
a plant cell that does not express the nucleotide sequence. 
A method for obtaining a homoplastomic plant includes 

the steps of: 
(a) transforming a plastid with a nucleic acid sequence 

encoding a feedback insensitive anthranilate synthase 
(ASA2) or a functional fragment thereof in a plant cell; 

(b) selecting the plant cell that expresses the nucleic acid 
sequence by contacting the plant cell with a medium contain 
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4 
ing a tryptophan analog for example, alpha-methyltryp 
tophan, 6-methyltryptophan, 7-methyltryptophan, and 
4-fluorotryptophan, or a combination thereof, or an indole 
analog selected from the group of 4-fluoroindole, 5-fluoroin 
dole, 6-fluoroindole, 6-aminoindole, 4-methylindole, 
5-methoxyindole, and 7-methoxyindole, or a combination 
thereof, wherein the analog is at a concentration effective to 
inhibit the growth of a plant cell that does not express the 
nucleotide sequence; and 

(c) obtaining a homoplastomic plant by one or more Suc 
cessive steps of selection using the analogs listed in step (b). 
The concentration of the tryptophan analog may range in 

concentration from 1 uM to about 1 mM and to about 10 mM; 
the concentration of the indole analog ranges in concentration 
from 1 uM to about 1 mM and up to 10 mM. 
A homoplastomic plant regenerated from a transformed 

plant cell, wherein the transformed plant cell includes a 
nucleic acid sequence encoding a feedback insensitive 
anthranilate synthase (ASA2) or a functional fragment 
thereofas the sole selection marker is disclosed. 
The homoplastomic plant may further include a gene of 

interest that confers one or more of the traits selected from 
disease resistance, increased biomass, reduced lignin content, 
increased nutritive value, stress tolerance, and pest resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows photographs of leaf callus formation inhibi 
tion. At 300 um 4MI and 300 um7MT, the callus production 
of the wild-type showed greater inhibition (FIGS. 1a & b). In 
contrast, the growth the 5-MT resistant plants was not 
affected by treatment with 300 um 4MI (FIG. 1c) or 300 um 
7MT (FIG. 1d). 

FIG.2 shows seedling growth inhibition test: WT seedlings 
on rooting medium without analog (a) with 75 um 4MI (b) 
and 75um 7 MT (c) after 2 weeks. Six weeks old ASTIV line 
seedlings on rooting medium without analog (d) or on 
medium with concentrations of 4MI or 7MT tested (e and f). 
Marks of the ruler are mm. 

FIG.3 shows a schematic illustration of plasmid pAST-IV. 
The Prrn-ASA2 expression cassette was flanked by the accD 
and ORF184 of the tobacco plastid region to obtain the vector 
pAST-IV. 

FIG. 4 shows the location of the primers L40 and L39 used 
for amplification of a 815 by fragment of the ASA2 gene. 4A. 
DNA: SEQID NO: 10 encodes PRT: SEQ ID NO: 11: 4B. 
DNA: SEQID NO: 12 encodes PRTs: SEQID NOS 13-18: 
primer disclosed as SEQID NO: 2. 

FIG. 5 shows PCR amplification with ASA2 specific prim 
ers L39 (SEQID NO: 2) and L40 (SEQID NO: 1). M: DNA 
marker; 26-F: transgenic lines; WT: wild type cv. Havana; P: 
p-ASTIV plasmid (SEQID NO: 19); B: blank control. 

FIG. 6 shows PCR amplification with primers L29 and 
L40. M:DNA marker; 26-F: transgenic lines; WT: wild type 
cv. Havana; P: p-ASTIV plasmid; B: blank control. L29: 
located upstream of the plastid gene ORF184 (62343-62320). 

FIG. 7 shows northern-blot hybridization was carried out 
to determine the expression of the Prrn-ASA2 gene in the 
transformed plants. The transplastomic plants showed 2.5- 
and 7.5-kb bands for the p AST-IV plants. The 2.5-kb tran 
Scripts in the pAST-IV plants end in the intergenic region 
between accD and ORF184, whereas the 7.5-kb mRNA 
apparently includes sequences from other downstream genes. 
This indicates that the pAST-IV plants express a 7.5-kb 
mRNA in which the ASA2 gene is a part of the transcribed 
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operon that apparently includes seven putative genes 
(ORF184, ORF229, petA, ORF99A, ORF39, psbE, and 
ORF103). 

FIG. 8 is a Southern blot hybridization with genomic DNA 
digested with SacI and hybridized with an 815 kb ASA2 
probe M. DNA ladder (Invitrogen); Lanes 26 through F: 
individual transplastomic plants, WT: Wild-type. When 
hybridized to an 815 kb ASA2 probe, the SacI-digested DNA 
blot reveals two bands at 1.8 and 10 kb for the plastid trans 
genic lines (FIG. 10). The 1.8-kb band is much stronger 
because the AS probe covers most of the fragment. No signal 
was detected in the wild-type plant. 

FIG. 9 shows RT-PCR on total RNA r)Nase treated. M: 1 
Kb DNA ladder lanes 1-5: transgenic plants; WT: wild type 
cv. Havana; lane 6: blank control. 

FIG. 10 shows PCR amplification with ASA2 specific 
primers L39 and L40 using as template total RNA rDNase 
treated. M: DNA marker: 1-5:transgenic lines; WT: wild type 
cv. Havana; lane 6: blank control lane 7: p-ASTIV plasmid. 

FIGS. 11 and 12 graphically present the inhibition by Trp 
of AS activity in untransformed line, wild-type (WT) and the 
5 transgenic lines produced via plastid transformation. Rela 
tive activity is the percentage of the activity with no Trp 
added. Holoenzyme activity measured with 10 mMGlnas the 
amino donor (FIG. 11). AS C. subunit activity measured with 
100 mM NHCl as the amino donor (FIG. 12). 

FIG. 13 shows structures of the plastid transformation vec 
tors pAST-I and pAST-IV. A. Sequence of the modified plas 
tid 16S rRNA operon promoter (Prrn) with a ribosomal-bind 
ing site (rbs) fused to a translation start codon ATG to initiate 
the coding region of the mature AS-subunit gene (ASA2). P1 
and P2 (bold) are transcription regulatory sequences similar 
to the prokaryotic 30/10 upstream promoter elements. Only 
the first 13 amino acids of the predicted ASA2 protein 
sequence are shown. The location and direction of primer L40 
is underlined (DNA: SEQID NO: 10 encodes PRT: SEQID 
NO: 11). B and C. Schematic structures of p AST-I, p AST-IV, 
and their corresponding regions of the wild-type tobacco 
plastid genome. The restriction enzymes reported are 
mapped. RI, EcoRI; BII, BglII; and SI, SacI. Also shown are 
the positions and directions of primers used and the location 
of the DNA fragments (thick black line) as probes for South 
ern hybridizations. The figure size is not to Scale. 

FIG. 14 shows concentration ranges used for various ana 
logs in the 1 and 2" round screening. The concentration 
indicated in circles in the drawings disclosed herein, are opti 
mal concentrations after either the first round of selection or 
the second round of Screening based on growth inhibition. 

FIG. 15 shows 4MI2" round of selection for Hi II cultivar. 
FIG.16 shows 4MT2" round of selection for Hi II cultivar. 
FIG. 17 shows concentration ranges of 4MI, 4MT and 5MI 

analogs in the 2" round screening. 
FIG. 18 shows 5MI2" round of selection for Hi II cultivar. 
FIG. 19 shows concentration ranges of 4MI, 4MT, 5MI and 

5MT analogs in the 2" round screening. 
FIG. 20 shows 5MT2'round of selection for Hi II cultivar. 
FIG. 21 shows concentration ranges of 4MI, 4MT, 5MI, 

5MT and 7MT analogs in the 2" round screening. 
FIG.22 shows 7MT2'round of selection for Hi II cultivar. 
FIG.23 shows concentration ranges of 4MI, 4MT, and 5MI 

analogs in the 2" round screening. 
FIG. 24.5MI 2" round of selection for Hi II cultivar. 
FIG.25 shows concentration ranges of 4MI, 4MT, 5MI and 

5MT analogs in the 2" round screening. 
FIG. 26 shows 5MT2" round of selection for Hi II cultivar. 
FIG. 27 shows concentration ranges used for various ana 

logs in the 2" round screening. 
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FIG.28 shows 7MT2" round of selection for Hi II cultivar. 
FIG. 29 shows a soybean embryogenic culture growth test 

with Trp analog 4FA. 
FIG. 30 shows a soybean embryogenic culture growth test 

with Trp or Indole analogs 6FA, 6FI, 5HT or 5MT. 
FIG. 31 shows qualitative results for various analogs and 

their effects on Soybean embryogenic culture growth. 
FIG. 32 shows soybean seed germination after 8 days in 

Trp analog 4MI. 
FIG.33 shows growth inhibition test (GIT) second screen 

ing of 7MT and 4MI for tobacco seedling germination after 2 
weeks. 

FIG.34 shows growth inhibition test (GIT) second screen 
ing of7MT and 4MI for tobacco root formation after 4 weeks. 

FIG.35 shows growth inhibition test (GIT) second screen 
ing of 7MT and 4MI for tobacco leaf formation after 6 weeks. 

FIG. 36 shows leaf callus formation test (LCFT) at 0 wks 
(weight of starting material) of tobacco callus for 7MT and 
4MI. 

FIG.37 shows LCFT second screening at 2 weeks (weight 
of callus). 
FIG.38 shows LCFT second screening at 6 weeks (weight 

of callus). 
FIG. 39 shows free tryptophan levels of ASA2 expressing 

transgenic lines 2604, 2704, 2804, and 3004 as compared to 
wild-type tobacco. 

FIG. 40 shows free tryptophan levels of ASA2 expressing 
transgenic lines 5104 and IV as compared to wild-type 
tobacco. 

DETAILED DESCRIPTION 

Methods and compositions to increase the efficiency of a 
selection system with the ASA2 gene are disclosed. Seedling 
growth and leaf callus formation inhibition experiments on 
media with different tryptophan (Trp) and indole analogs 
have resulted in the identification of novel Trp and indole 
analogs for use in plant transformation. Several of the analogs 
listed in Table 1 are suitable for use as selection agents. 
Analogs 7-MT and 4-MI exhibited enhanced selection prop 
erties. 
The anthranilate synthase alpha subunit (ASA2) gene 

encodes the tobacco tryptophan (Trp) biosynthesis control 
enzyme and imparts resistance to toxic Trp and indole ana 
logs since it is feedback insensitive. The Trp analogs are toxic 
since they are able to mimic the specific inhibitory effect 
(feedback effect) of tryptophan on the AS. A sensitive enzyme 
fails to discriminate completely between its normal feedback 
inhibitor, Trp, and an analog. If the feedback insensitive AS is 
expressed, then the cells are resistant to the analogs, and can 
be selected for. Seedling growth inhibition and leaf callus 
formation were studied using either the wild-type (WT) 
tobacco or the 5MT resistant transgenic plants, on medium 
supplemented with various concentrations of different Trp 
and indole analogs. The feedback-insensitive ASA2 cl DNA 
gene, isolated from the 5MT-resistant tobacco cell line AB15 
12-1 (Song et al., 1998), was placed under the control of 
CaMV35S promoter in the binary vector C2ASA2. Tobacco 
plants were transformed by A. tumefaciens. Regenerated pri 
mary transformants were selected either on 300 um 4MI or 
400 um 7MT then analyzed by PCR, Southern and northern 
blot analysis. The AS, the holoenzyme activity and the free 
Trp content were measured in leaf extracts of shoot cultures 
from both transgenic lines and WTXanthi. Most of the trans 
genic lines selected show ASA2 overexpression and increase 
in free Trp content (FIGS. 39-40). 
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Anthranilate synthase (AS) includes two subunits: C. and B 
units. From a 5MT resistant tobacco plant, a feedback insen 
sitive C-subunit (ASA2) gene was isolated, which allows 
transformed plants to Survive in the presence of Trp analogs 
and indole analogs. In both indole and Trp analogs, a sensitive 
enzyme fails to discriminate completely between its normal 
feedback inhibitor, tryptophan, and an analog. Indole analogs 
are converted to tryptophan analogs by endogenous tryp 
tophan synthase activity. If the feedback insensitive AS is 
expressed, then the cells are resistant to the analogs. Under 
normal cellular regulation, the analogs result in feedback 
inhibition of the Trp synthesis pathway controlled by AS 
resulting in greatly reduced Trp synthesis and poor Survival as 
Trp is an essential amino acid. 
The feedback-insensitive ASA2 cDNA gene, isolated from 

the 5MT-resistant tobacco cell line AB15-12-1, was placed 
under the control of the modified plastid 16S rRNA operon 
promoter (Prrn). The Prrn-ASA2 expression cassette was 
flanked by the accD and ORF184 of the tobacco plastid region 
to obtain the vector p AST-IV. 
ASA2 is a suitable selectable marker for plastid transfor 

mation of a gene of interest and for selection by Trp and 
indole analogs in growth medium. ASA2 is also a suitable 
selectable marker for nuclear transformation and for selection 
by Trp and indole analogs in growth medium. Transformation 
of plastids generally requires particle bombardment, such as 
a gold bombardment procedure. Using a native plant gene 
(e.g., ASA2) as a selectable marker and novel selective agents 
Such as Trp and indole analogs are advantageous to avoid the 
introduction of antibiotic or herbicide resistant genes that 
could be transferred to microbes or other plant pathogens or 
weeds with undesirable consequences. The use of Trp and 
indole analogs including 7MT and 4MI expands the availabil 
ity of selection agents Suitable for plant transformation. 

Anthranilic acid and anthranilate analogs also are Suitable 
selection agents to screen transformants that express the 
ASA2 gene. Anthranilic acid and anthranilate analogs work 
similar to indole analogs due to the fact that they are con 
Verted to tryptophan by enzymes present in the plant cell. 
The use of ASA2 gene or functional fragments thereof in 

combination with the selection agents disclosed herein are 
applicable to any plant species that is capable of being geneti 
cally transformed including tobacco, corn, soybean, Arabi 
dopsis, tomato, wheat, rice, barley. 

Plastid transformation of tobacco leaf discs was carried out 
with the vector pAST-IV. Green calli and shoots resistant to 
either 7-MT or 4-MI were obtained and subjected to three 
additional rounds of selection. PCR testing and Southern-blot 
analysis were performed to confirm the presence of the trans 
gene and the homoplastomic condition. Free Trp and AS 
activity were measured. The Prrn-ASA2 cassette was 
expressed effectively in plants of N. tabacum allowing the 
selection of transformants using either Trp or Indole analogs 
disclosed herein. 

Homoplastomic plants that contain the ASA2 gene or a 
functional derivative thereofas a selectable marker, and that 
do not contain a non-plant based selectable marker, are desir 
able for several reasons. For example, non-plant based marker 
genes are sometimes disfavored among some consumers of 
genetically modified crops; use of ASA2 gene as a marker 
presents lower environmental risks of antibiotic resistance; 
and minimizes allergenic response in genetically modified 
crops. A homoplastomic plant that contains a plant based 
selectable marker (e.g., ASA2) as the sole selectable marker 
is desirable. 

Although the present disclosure uses ASA2 from N. 
tabacum as an example of an AS gene for use with the analogs 
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8 
disclosed herein, one skilled in the art would realize that the 
selection agents disclosed herein are applicable to any gene or 
fragment encoding the feedback-insensitive form of the AS 
enzyme, and preferably a Nicotiana AS gene. As used herein, 
a “feedback-insensitive form of the AS enzyme’ is an AS that 
is inhibited to lesser extent by free Trp or an amino acid 
analog of Trp or indole analog, as compared to the corre 
sponding “wild-type' or native AS of the species. The indole 
analogs are generally converted to Trp analogs within the 
plant or cell culture by endogenous tryptophan synthase 
activity. 

Plastid transformation refers to introducing one or more 
nucleic acid molecules inside a plastid into the plastid chro 
mosome. Generally, the selectable marker is under the control 
of a constitutive promoter or a suitable promoter capable of 
expressing in plastids. 
The ASA2 functional gene or functional fragments or Sub 

units thereof may be operatively associated with any suitable 
promoter. Some of the known promoters known in the include 
CaMV 35S, cassava vein mosaic virus, ubiquitin, and actin 
promoters. Other suitable promoters include ASA2 promoter, 
viral coat protein promoter, a plant tissue-specific promoter, a 
monocot promoter, a CaMV 19S promoter, anos promoter, an 
Adh promoter, a Sucrose synthase promoter, a tubulin pro 
moter, a cab promoter, a PEP Case promoter, a mannopine 
synthase promoter, a soybean vegetative storage protein pro 
moter, and a root-cell promoter. The promoter may be induc 
ible. The inducible promoter may promote the expression the 
ASA2 gene in cultured cells or tissue or in plant. Inducible 
promoters known in the art include auxin, tetracycline, cop 
per, ethanol, and glucocorticoid inducible promoters. 
The ASA2 gene or its functional fragment and a gene of 

interest may be expressed in a number of suitable ways. First, 
for example, the gene of interest and the ASA2 gene may be 
operatively associated with the same promoter that drives the 
ASA2 gene or its fragments thereof. Second, the gene of 
interest and the ASA2 gene may be driven by different and 
separate promoters. For example, the ASA2 gene or its func 
tional fragment may be expressed by a constitutive promoter, 
whereas the gene of interest may be expressed by a tissue 
specific promoter or may not be operatively associated with 
the same promoter of ASA2 functional fragment. One of the 
rationales underlying the independent expression strategy is 
to independently control and regulate the expression of a 
functional ASA2 gene fragment and the gene of interest 
depending on the transformation system used, desired trait of 
interest, and the nature of the gene of interest. Thus, one 
skilled in the art may selectively induce expression, in the 
transformed cells or plant of the ASA2 gene, but not the 
desirable gene, until it is desired to express the gene of interest 
in the regenerated plant or cell culture. Conversely, it may be 
desirable to express ASA2 or its functional fragment during 
the selection process and not in the regenerated plant. For 
example, if an ASA2 promoter (native promoter) or another 
inducible promoter is operatively associated with the ASA2 
gene, it would be useful for controlling the ASA2 gene 
expression to select for the transformed cultured cells, but the 
marker is not expressed in plants regenerated from these 
transformed cells. Meanwhile, because the gene of interest is 
operatively associated with another promoter, this promoter 
allows the expression of the gene of interest in the trans 
formed cultured cells and/or transformed plants. One skilled 
in the art would realize that one or more desirable gene(s) and 
promoter(s) may be used in the construct. 

For example, the ASA2 sequence and/or the desirable gene 
may be inserted into a DNA construct such as a plant expres 
sion vector. The term “recombinant vector” and “recombi 
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nant expression vector” refers to any suitable plant vectors or 
binary vectors including a plasmid, virus or other vehicle 
known in the art that has been manipulated by insertion or 
incorporation of ASA2 nucleic acid sequence or a functional 
derivative thereof. An expression vector generally contains an 
origin of replication, a promoter, as well as selectable marker 
genes, which allow phenotypic selection of the transformed 
cells. 
The following examples are intended for purposes of illus 

tration only and should not be construed as in any sense 
limiting the scope of the disclosure. 

EXAMPLES 

Example 1 

Seedling Growth and Leaf Callus Formation 
Inhibition 

This example demonstrates that the Trp and Indole analogs 
disclosed herein exhibit inhibitive properties on wild-type 
plants compared to the analog resistant plants. The concen 
trations listed in Table 1 are for illustrative purposes and 
should not be construed as a limited range. Seedling growth 
inhibition was studied by placing a total of 45 surface-steril 
ized seeds of either the wild-type (WT) tobacco (Nicotiana 
tabacum cv. Petit Havana SR1) or the ASA2 expressing trans 
genic plants previously obtained (Zhang et al., 2001), on 
Murashige-Skoog medium Supplemented with 3% Sucrose, 
vitamins, 0.8% agar and various concentrations of the differ 
ent analogs (see Table 1). Seed germination and root forma 
tion were measured after 2 weeks, at 28°C. under fluorescent 
light. The analogs listed in Table 1 were obtained from 
Sigma-Aldrich (St. Louis, Mo.) or Acros Organics (Morris 
Plains, N.J.). 

TABLE 1. 

Concentrations 

Trp analogs 

5-methyltrypthophan (SMT) 0:30; 100 and 300 m 
C-methyltrypthophan (CMT) : 3; 10:30; 100: 300 m 
4-methyltrypthophan (4MT) 0:30; 100 and 300 m 
5-hydroxyl-L-tryptophan (5HT) 0:30; 100 and 300 m 
7-methyl-DL-tryptophan (7MT) 0:30; 100: 300; 400 and 500 m 
6- methyl-DL-tryptophan (6MT) 0:30; 100: 300; 600 and 1000 m 
DL-4-fluorotryptophan (4FT) 0:30; 100 and 300 m 
DL-5-fluorotryptophan (5FT) 0:30; 100 and 300 m 
DL-6-fluorotryptophan (6FT) 0:30; 100 and 300 m 
Indole analogs 

6-Fluoroindole (6FI) 0:30; 50; 70; 100 and 300 m 
4-Fluoroindole (4FI) 0; 20:30; 100 and 300 m 
5-Fluoroindole (5FI) 0:30; 100: 150: 200 and 300 m 
5-Methoxyindole (5MI) 0:30; 100 and 300 m 
7-Methoxyindole (7MI) 
6-Aminoindole 
4-Methylindole (4MI) 

0:30; 100 and 300 m 
0:30; 100 and 300 m 
0:30; 100: 300 and 600 m 

Leaf callus formation was studied on the nutrient medium 
described herein using a total of 30 leaf discs at 28°C. under 
fluorescent light. After 2 weeks, callus formation was mea 
Sured and after 4 weeks shoot production was recorded. 
The wild-type plant germination and callus formation were 

inhibited by treatment with 300 um 4MI and 300 um 7 MT 
respectively. At 300 um 4MI and 300 um 7MT, the callus 
production of the wild-type showed greater inhibition (FIGS. 
1a & b) and the growth of the seedlings/roots was completely 
inhibited (FIGS. 2a & b). In contrast, the growth of the ASA2 
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10 
expressing plants was not affected by treatment with 300 um 
4MI (FIGS. 1c & 2c) or 300 um 7 MT (FIGS. 1d & 2d). 

Thus, the data demonstrate that 7MT and 4MI are effective 
selective agents listed for use as Suitable selection agents to 
screen for plants or plant cells harboring a feedback insensi 
tive form of an AS gene. 

Example 2 

Plastid Transformation and Selection Using Trp and 
Indole Analogs 

The feedback-insensitive ASA2 cDNA, isolated from the 
5MT-resistant tobacco cell line AB15-12-1, was placed under 
the control of the modified plastid 16S rRNA operon pro 
moter (Prrn). The Prrn-ASA2 expression cassette was flanked 
by the accD and ORF184 of the tobacco plastid region to 
obtain the vector p AST-IV (FIG. 3). 
DNA preparation, precipitation onto gold particles, and 

bombardment were performed as described previously (Svab 
& Maliga P, 1993) using 0.6 um gold particles (Bio-Rad, 
Hercules, Calif.) as micro projectiles. Any suitable particle 
bombardment procedure can be used. Briefly, the plasmid 
containing the marker gene and a gene of interest are coated 
onto gold or tungsten microparticles. The coated particles are 
air dried and loaded on to a particle gun for particle bombard 
ment into the desired tissue. Nicotiana tabacum cv. Havana 
was used in the experiments. Green calli and shoots resistant 
to either 7-MT or 4-MI were obtained after 6-8 wks of selec 
tion on RMOP medium (Svab et al., 1990) and subjected to 
three additional rounds of selection for the homoplastomic 
condition. 

Example 3 

Screening of Transformed Plants 

Genomic DNA was extracted using a standard Cetyl Tri 
methyl Ammonium Bromide (CTAB) protocol from young 
fully expanded leaves. Briefly, plant material is ground and 
the DNA is extracted using the CTAB buffer through standard 
precipitation procedures. PCR was carried out to identify the 
right insertion of the ASA2 gene, with Taq DNA polymerase, 
for 30 cycles at 94° C. for 45 s, 55° C. for 45s and 72° C. for 
1.30 min. 
The primers used for amplification of a 815 by fragment of 

the ASA2 gene were L 40 5'-CTAAAAGCGGGAACT 
TGATTCCGC-3' (SEQID NO: 1) located at the beginning of 
the mature ASA2 coding region and L395'-TCTGTACACT 
TCAAATGGGTCAGC (SEQ ID NO: 2) located in the 
middle of the ASA2 coding region (FIG. 4). The primer for 
RaadA is 5'-ACC TTA GTG ATC TCG CCT TTCACG-3 
(SEQID NO:3). 
To verify the correct site of integration into the plastid 

genome PCR was carried out with primers L40 and L 29 
5'-TCATATTTCTGCGGGCATAAGAGT-3' located 
upstream of the plastid genome ORF 184 and a 2.1 kb frag 
ment was expected (FIG. 4). 

Six to eight weeks after bombardment, 28 independent 
resistant shoots/calli were recovered from 60 leaf discs bom 
barded with vectorpAST-IV. The 28 lines selected directly for 
4MI or 7MT resistance were tested by the PCR reaction using 
either primers specific for ASA2 gene (L40 and L 39) or a 
primer specific to the ASA2 coding region (L40) and a primer 
that is located in the plastid genome outside the flanking 
region of the vector (L29). The controls were the wild-type N. 
Tabacum cv. Havana and the amplified 815 bp (L40-L39) or 
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the 2.1 kb (L40-L29) fragments from the vector p AST4V 
(FIG. 13). A 815 bp (L40-L39) and a 2.1 kb (L40-L29) 
fragments were reproducibly detected in 5 transgenic of the 
28 independent lines (3 from 7MT and 2 from 4 MI). (FIGS. 
5 and 6). FIG. 7 shows northern-blot hybridization was car 
ried out to determine the expression of the Prrn-ASA2 gene in 
the transformed plants. 

Example 4 

Nucleic Acid Analysis of Transformed Plants 

Genomic DNA was isolated from young fully expanded 
leaves using the a CTAB extraction method. Alternatively, 
total cellular DNA and RNA can be extracted using Qiagen 
Kits (Qiagen, Valencia, Calif.). Restriction endonuclease 
treatment of 8 Jug DNA per sample was performed using 5 
units/ug of Sca Ienzyme in an appropriate buffer, at 37°C. for 
5 h. The treated DNA was separated by 0.8% agarose gel 
electrophoresis in TAE buffer and then blotted onto a nylon 
membrane (Hybond-N+, Amersham) and cross linked to the 
membrane by UV. The accD probe was prepared by PCR 
using primers designed to amplify a 1.2 kb fragment. The 
probe was radiolabeled with C-32P-labeled dCTP (3,000 
Ci/mmol) through the random primer method Megaprime 
(Amersham Biosciences). Prehybridization, hybridization 
and Subsequent washing steps were performed according to 
standard protocols. Signals were detected by exposing the 
blots to autoradiography films (Biomax, Kodak.) for 1-5 days 
at -70° C. depending on the intensity of the blots. 

The Southern blot hybridization analyzed the DNA 
samples isolated from the 5 transgenic lines and WT control. 
The hybridization of Sca I digestion results in an 8,933 bp 
fragment containing accD to petA gene in the wild type plant 
but generates a 12.4 kb band in the transgenic lines due to the 
insertion of the 3.5 kb expression cassette (FIG. 8). T 

Example 5 

RT-PCR Analysis of Transformed Plants 

RT-PCR (Reverse Transcription-Polymerase Chain Reac 
tion) was used to detect the expression of the ASA2 gene. 
Total RNA was isolated using the RNeasy Plant Mini Kit 
from young fully expanded leaves from both transgenic lines 
and wildtype (WT). Total RNA was then treated with rDNase 
I to eliminate any genomic DNA contamination. 
The primers used for the one-step reaction were the same as 

the ones used for the PCR screening (L40-L39). The fragment 
amplified was 815bp long and a PCR reaction on Total RNA 
rDNase treated was performed with the same primers without 
the Reverse Transcriptase step (Reverse Transcription and 
Initial Denature below) to demonstrate the absence of 
genomic DNA contamination in the samples. The cycling 
conditions were: 

Reverse Transcription 42°C. 30 minutes 
Initial Denature 949 C. 2 minutes 
Denature 949 C. 30 seconds 
Anneal 1550 C. 30 seconds 
Extension 68 C. 30 seconds 

Repeat previous 3 cycles 30 times 

Final Extension 68 C. 5 minutes 
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FIG. 9 shows that an 815-bp fragment was amplified by 

RT-PCR from total RNA extracted from young leaves in the 
five transgenic lines while no fragment was detected in the 
WT. Therefore, the naturally occurring ASA2 gene appears to 
be expressed at a very low level. FIG. 10 shows the control 
reaction using total RNA as template without the Reverse 
Transcriptase Reaction. As expected only the plasmid pAS 
TIV gave a PCR product. The total RNA was free from any 
genomic DNA contamination 

Example 6 

Analysis of AS Enzyme Activity 

Approximately 2 g of leaves was homogenized with 1.5 
Volume of ice-cold extraction buffer as described in Ber 
nasconi et al., (1994). The homogenate was centrifuged at 
30,000 g at 4°C. for 10 min. The supernatant was desalted 
using a Econo-Pac 10 DG column (Bio-Rad, Hercules, 
Calif.). Protein concentration was determined using a protein 
dye-binding assay kit (Bio-Rad, Hercules, Calif.). The super 
natant was combined with two volumes of assay buffer as 
described previously (Bernasconi et al., 1994) but without 
NHC1. AS enzyme activity was measured as the conversion 
rate of chorismate to anthranilate as described previously 
(Song et al., 1998). Either 100 mM NH4C1 or 10 mM 
glutamine was added to the assay mixture to determine 
C.-subunit activity or AS holoenzyme activity respectively 
and Trp at different concentrations. Duplicate extracts of each 
line were analyzed. 

Either with 10 mM glutamine (FIG. 11) or 100 mMNHCl 
(FIG. 12) as amino donor in all the five transgenic lines tested 
AS was less sensitive to Trp inhibition than AS from the WT 
(FIG.11). Either for the Holoenzyme activity (FIG. 11) or the 
C. subunit activity (FIG. 12) at 10um the WTAS activity was 
almost completely inhibited while the transgenic lines AS 
still retained from 20 to 60% of the activity. 

Example 7 

Free Trp Analysis of Transformed Plants 

Young expanded leaves of each of the transgenic tobacco 
lines produced were analyzed for free Trp content. Free Trp 
was extracted with 0.1 NHCl as previously described previ 
ously (Cho et al., 2000). Trp concentration was measured by 
HPLC. Free tryptophan data are shown in FIGS. 39-40 for 
several transgenic lines of tobacco as compared to the wild 
type. 

Example 8 

Growth Inhibition of Various Trp, Indole and 
Anthranilate Analogs in Various Plant Species 

Maize callus was tested for the biolistic plastid transfor 
mation. The immature embryos used for the induction were 
obtained from the maize line C28 previously selected for 
resistance on 5MT (U.S. Pat. No. 4,642.411) and from line Hi 
II. Callus pieces are placed on solid medium with different 
concentrations of the different analogs to test the feasibility of 
using them for the direct selection of transformants after 
bombardment with the ASA2 vector (see FIGS. 15-28:). 

Various concentrations of the different analogs were tested 
on maize, soybean, and tobacco that includes growth inhibi 
tion test of germination, leaf callus formation test, and other 
growth inhibition tests (FIGS. 15-38). 
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TABLE 2 

Trp, Indole and Anthranilate analogs for discriminating 
between wild type and ASA2 expressing Arabidopsis germinating 

Seedlings and tobacco shoot producing leaf discs. The 
concentrations are indicated in IM. 

Arabidopsis seeds Tobacco leaf discs 

C-MT 20 M 4MI300 
SMT 200 SMI1 OOO 
4MT 70 7MI1 OOO 
SHT 200 3-acetylI 500 
7MT 300 7MT 400 
4FI 70 SFA 150 
SFI 20 SMA 800 

6MA 70 

TABLE 3 

Trp, Indole and Anthranilate analogs for discriminating 
between wild type and ASA2 expressing Arabidopsis germinating 

seedlings and tobacco shoot producing leaf discs 

Arabidopsis Tested Tobacco Tested 

Trp analogs 

same as Arabidopsis and also 
6MT was tested 

Indole analogs 

4FI, SFI, 7MI, 5aminoI, 7azaI, 
6methoxyI, 3acetylI, 5hydroxyI, 
3aminoI, 4aminoI, SMI 

same as Arabidopsis, 6-methoxyl 
and 3-aminoI not tested. 

Anthranilate analogs 
For example, 2-amino-4-flurobenzoic acid = 4FA 
since 2-aminobenzoic acid is anthranilic acid. 

6FA, 5-chlora, 4-chloroA, 
3-hydroxyA, 3MA, 5MA, 6MA 

same as Arabidopsis, and 4FA, 
SFA and 5iodoA were tested, and 
4-chloroA was not tested. 

Example 9 

Analysis of ASA2 Transformed Plants Under the 
Control of a CaMV35S Promoter 

A vector pC2ASA2 was used, which contains a full length 
2,144-bp AS feedback-insensitive C-subunit (ASA2) cDNA, 
encoding 616 amino acids including a putative transit peptide 
and 204 bp of 3'non-coding region driven by the CaMV35S 
promoter. pC2ASA2 was electroporated into Agrobacterium 
tumefaciens strain EHA105 and then used for the leaf disc 
transformation. Shoots of tobacco (Nicotiana tabacum L. cV. 
Xanthi) plants were maintained as in vitro stock cultures in 
Magenta boxes containing MS basal medium (Murashige and 
Skoog 1962) with 2 g 1-1 Gelrite(R) and leaves from these 
shoots were sources of explants for transformation. The 
growth conditions were 16-h photoperiod with a temperature 
of 28°C., florescent lamps providing a photosynthetic photon 
flux density of 150 umol m-2 S-1 at the shelf surface. For 
segregation tests or for seedling growth inhibition tests on 
different analogs, 50 seeds/plate were surface sterilized with 
a solution of distilled water-Clorox (80:20; 1.25% Na 
hypochlorite) for 20 min containing a few drops of Tween 
20TM and then rinsed with sterile water before spreading them 
on MS basal medium plates containing the appropriate selec 
tive agent. 

Leaf callus/shoot formation was studied on Tobacco 
Regeneration Medium that was MS basal medium with 88 
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14 
uM 6-benzyladenine (BA) and 0.5 LM naphthalene acetic 
acid (NAA) and various concentrations of different Trp and 
indole analogs using a total of 30 leaf discs (6 mm each in 
diameter) from either the untransformed wild type (WT) 
tobacco or the ASA2 expressing transgenic line transformed 
with p AST-IV vector (line ASTIV) at 28°C. under fluores 
cent light as described above. Callus formation and shoot 
production was visually evaluated after 2, 4 and 6 weeks. 
Seedling growth inhibition was studied as described herein. 

Leaf discs (6 mm each in diameter) from 20 leaves of WT 
tobacco were used for each transformation experiment. After 
6 weeks of selection on TRM with either 300 uM4MI or 300 
uM7MT and 500 mg/l timentin to eliminate A. tumefaciens, 
the shoots regenerating from the callus were isolated and 
transferred to the Rooting Medium with analogs to initiate 
root growth. After root induction, the plantlets were trans 
ferred into Soil and grown to maturity in agreenhouse. The T1 
seeds were plated on either 4MI or 7MT for segregation tests 
and to obtain homozygous lines. 
PCR was carried out to identify the insertion of the ASA2 

and GUS genes. Taq DNA polymerase (New England Biolabs 
Inc., Ipswich, Mass.) was used for 30 cycles at 94°C. for 45 
s, 55° C. for 45s and 72°C. for 1.3 min. The primers used for 
amplification of a 815 by fragment of the ASA2 gene were 
ASAF 5'-CTA AAA GCG GGAACT TGA TTC CGC-3' 
(SEQID NO: 1) located at the beginning of the mature ASA2 
coding region and ASAR 5'-TCT GTA CACTTCAAATGG 
GTC AGC-3' (SEQ ID NO: 2) located in the middle of the 
ASA2 coding region while for the amplification of a 1.3 kb 
fragment of the GUS gene were GusintF 5'-GGTATCAGC 
GCGAAG TCTTT-3' (SEQID NO:5) and GusintR5'-TCG 
GTG ATGATAATCGGCTG-3' (SEQID NO: 6) 

For Southern hybridization analysis restriction endonu 
clease treatment of 5 lug DNA per sample was performed 
using 5 units/ug of BamHI (New England Biolabs Inc., 
Ipswich, Mass.) enzyme in the manufacturer's buffer, at 37° 
C. for 5 h. The treated DNA was separated by 0.8% agarose 
gel electrophoresis in TAE buffer 1x and then blotted onto a 
nylon membrane (Hybond-N+, GE Healthcare Limited, 
Little Chalfont, UK) and cross linked to the membrane by UV. 
The ASA2 probe was prepared by PCR using primers 
designed to amplify a 0.8 kb fragment (ASAF-ASAR). The 
probe was radiolabeled with C-32P-labeled dCTP (3,000 
Ci/mmol) through the random primer method Megaprime 
(GE Healthcare Limited). Prehybridization, hybridization 
and Subsequent washing steps were performed according to 
standard protocols. Signals were detected by exposing the 
blots to autoradiography films (Denville Scientific Inc., NJ) 
for 1-5 days at -70° C. depending on the intensity of the blots. 

Total RNA was extracted from young expanded leaves with 
RNeasy kits (Qiagen, Valencia, Calif.) and treated with 
rDNase I RNase-Free (USB Biochemicals, Cleveland, Ohio) 
to eliminate any genomic DNA contamination. RT-PCR (re 
verse transcription-polymerase chain reaction) was used to 
detect the expression of the ASA2 gene. The primers used for 
the one-step reaction were the same as the ones used for the 
PCR screening (ASA2F-ASA2R). The fragment amplified 
was 815 bp long and a PCR reaction on total RNA rDNase I 
RNase-Free treated was performed with the same primers 
without the reverse transcriptase step to demonstrate the 
absence of genomic DNA contamination in the samples. A 
210 by fragment of the 18S gene was amplified using primers 
18S Rev 5'-TAAGAACGGCCATGCACCACC-3' (SEQ ID 
NO: 7) and 18S For 5'-AAGGAATTGACG 
GAAGGGCACCA-3' (SEQID NO: 8) to act as internal con 
trol. 
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Among the 9 Trp analogs and 7 indole analogs tested the 
most effective were 7MT and 4MI. At 300 um 4MI and 300 
um 7MT, the callus production of the WT was inhibited and 
the leaf discs turned brown with little shoot formation. How 
ever the ASA2 expressing leaf discs formed callus and pro 
duced shoots after fourtsix weeks. 

Seedling Growth Inhibition Test with 4MI and 7MT: When 
placed on analog containing medium both WT and ASTIV 
seeds could germinate almost equally on medium with either 
75 um 4MI or 75 um 7MT but after two weeks WT seedlings 
started to bleach, ceased to grow and eventually died. In 
contrast transgenic Seedlings grew well on the same concen 
tration of 4MI or 7MT. After six weeks the transgenic seed 
lings were growing with normal true leaf development. Gen 
eration and selection of transgenic plants on 4MI or 7MT. 
The ASA2 gene driven by the CaMV 35S promoter was 

transferred into tobacco leaf discs via the A. tumefaciens 
mediated transformation method. Putative transformants 
were selected on TRM using the optimal concentration (300 
um) of 4MI and 7MT for selection. 31 resistant plants were 
obtained in two different experiments: 21 one on 4MI from a 
total of 150 leaf discs (10 resistant plants from 80 leaf discs in 
experiment 1 and 11 resistant plants from 70 leaf discs in 
experiment 2) and 10 on 7MT from a total of 135 leaf discs (6 
resistant plants from 70 leaf discs in experiment 1 and 4 
resistant plants from 65 leaf discs in experiment 2). All trans 
genic lines, once confirmed by genomic PCR for the ASA2 
and GUS genes were rooted on rooting medium with the 
respective analog. Southern analysis showed that the trans 
genic lines contain ASA2 hybridizing fragments and usually 
only one copy of the transgene. GUS activity was assessed 
histochemically in PCR-GUS positive lines using leaf pieces 
confirming the results obtained with the molecular screening. 
When the transgenic plants were tested for ASA2 gene 
expression by RT-PCR an 815-bp fragment was amplified 
from total RNA extracted from young leaves from 15 trans 
genic lines while no fragment was detected in the WT. There 
fore the naturally occurring ASA2 gene appears to be either 
expressed at very low level or not at all in tobacco leaves. A 
control reaction using total RNA as template without the 
reverse transcriptase reaction was also carried out. As 
expected only the plasmid pC2ASA2 gave a PCR product. 
Hence the total RNA used was free from any genomic DNA 
contamination. The 18 S gene was used as a control to nor 
malize for sample to sample variations in total RNA amounts 
and for reaction efficiency to normalize for Sample to sample 
variations in total RNA amounts and for reaction efficiency. 

To test for the segregation of the transgene in the T1 gen 
eration, seeds of the transgenic lines were germinated on 
medium containing either 754MI or 75 um 7MT for 21 days. 
The ratios of resistant/sensitive seedlings were for most of the 
lines close to the expected 3:1 ratio confirming a single 
nuclear site of insertion for the 15 lines tested. The seedlings 
growth test with T2 seed from four lines randomly selected 
from the fifteen resistant plants identified in the segregation 
test showed that they were all homozygous for the ASA2 gene 
since all 100 seeds germinated and grew normally on either 
75 um 4MI or 75 um 7MT. 

Tryptophan content and AS activity of the transgenic lines: 
Since the ASA2 enzyme is insensitive to feedback inhibition 
by Trp the free Trp levels in the TO transgenic plant leaves 
were measured. Line #7 selected on 300 uM4MI contained 8 
times as much free Trp as did the WT (276 nmol g-1 FW and 
45 nmol g-1 FW, respectively) and the other ASA2 transgenic 
lines accumulated less free Trp than line #7 ranging from 2 to 
5 times more then WT. 
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16 
Of the 15 transgenic lines tested for AS activity, two lines 

(line #6 andline #7) showed holoenzyme and C-subunit activ 
ity much less sensitive to Trp inhibition than that of the WT. 
At 300 uM Trp the WT relative holoenzyme activity is almost 
completely inhibited whereas line #6 and line #7 still retained 
about 40% of the total activity. The specific activity of the 
holoenzyme with no Trp added for the control WT was 20.5 
pmol min-1 mg-1 protein and 90.0 and 105.9 pmol min-1 
mg-1 protein for line #6 and line #7, respectively. When the 
C.-subunit activity was measured lines #6 and line#7 lines still 
retained about 40% of the total activity with 300 uM Trp. The 
specific activity of the holoenzyme with no Trp added for the 
control WT was 29.9 pmol min-1 mg-1 protein and 38.5 and 
118.2 pmol min-1 mg-1 protein for line #6 and line #7. 
respectively. 
The coding sequence of the feedback insensitive ASA2 

gene, designated by GenBank Accession No. AF079168 is 
disclosed herein. 

(SEQ ID NO: 
taccggttgt 

9) 
a tigcagt cqtt accitat ct ca 

titc.cggccac ccaccggaaa gttctgc cat t cqc.cgt cat 

ttctagocgg agct caactt ctdcacttgc gctitcgtgtc 

cgtacactac aatgcc.gctg. cct tcactict tcatc to tag 

titatggatga attgaagctt Ctaaaag.cgg gga caggttc 

gaacttgatt cogctgcaca aaaccatttt ttctgat cat 

Ctgact cogg togctggctta cc.ggtgtttg gtgaaagaag 

acgaccgtga agctic caa.gc titt ct ctittgaatcc.gttga 

acctggittitt Caggttcta gtgttggtcg ctacagogtg 

aac Catct at ggalaattgttg gctaaggaac gtgggggctic 

acaatgtgac tatattggac caccacactg gaaaattgac 

ccagaagact gtcCaagat C C catgacgat tcc gaggagt 

atttctgagg cagact catt gatgaacttic gatggaagcc 

citgatacctt atttctoata ttgttggtgga tgggttggitt 

tgacacagtt C9g tatgtag agaac aggaa gttgc catt C 

Ctalagggctic ccggaac citt gcagatatt c cagaggatga 

aattaggact atacgaagat gttcattgttgt ttgat catgt 

tgagaagaaa gcacatgtga t t cactgggit gcagttggat 

cagtatt cat ct citt cotgaggcatat citt gatgggalaga 

aacgcttgga aat attagtg tctagagtac aagga attga 

gtc. tccaagg titat citcc.cg gttctgtgga tittctgtact 

catgcttittg gacct tcatt aaccalaggga aacatgacaa 

caagaatgct gtc.ttacaag gtgaggagta Calaaggagca 

cattgctgca ggaga catat ttcaaatcgt tittaagt cala 

cgctttgaga gaagaacatt totgaccca tttgaagtgt 

acagagcatt aagaattgttgaatccaa.gcc catatatgac 

ttacatacaa gccagaggct g tattittagt togcatcgagic 

ccagaaattt tacacgtgt gaagaagaga agaattgtta 
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- Continued -continued 
atcgaccact ggctgggaca agcagaa.gag ggalagacacc 

Ingredient Add per 1 L 
tgatgaggat gtgatgttgg aaatgcagat gttaaaagat 

5 (2.230 g) 
gagaaacaac gcgcagagca cat catgctg gttgatttag ZnSO 7H2O 0.86 g 

KI 0.083 g 
gacgaaatga tigtaggaaag gtgtcaaaac Ctggttctgt Na2MoCl2H2O (or H2MoC).2H2O) 0.0250 g 

(or 0.0186 g) 
gaatgtcgaa aagct catga gcgttgagc g g tatt CC cat CuSo 5H2O (or CuSol) 0.0025 g 

10 (or 0.0016 g) 
gtgatgcaca taagctic cac ggit ct ctgga gagttgcttg CoCl26H2O 0.0025 g 

at catttaac ctdttgggat gcactacgtg ctgcattgcc 

Add one chemical at a time, in order, making Sure it dis 
tgttgggacc gtcagtggag caccalaaggit aaaggc.catg solves completely before adding the next 

15 
gagttgattg at Cagctaga agtagct cqg agagggcctt FeNaEDTA Iron Stock 

acagtggtgg gtttggaggc atttic ctittt Caggtgacat 

gga catcgca ctagotctaa ggacgatggit atticcitcaat 
Ingredient Add per L 

ggagct cqtt atgacacaat g tatt catat acagatgcca 2O 
Na2EDTA-2H2O (or Na2EDTA) 37.24g 
(or 33.5) Caadcotca coaat tt CCt CatctoC aat CC c 9 gcg 99 999 9 9999 FeSO 7H2O 27.8 

tggaattgttg gctgatagta atcctgatga ggalacagata 

gaatgcgaga ataaagtagc cqgtctgtgc cagc cattg 25 Mix together and stir over low heat until completely dis 
Solved, autoclave, blow air through overnight, and store in an 

acttggc.cga gtcagcttitt gtaaagggala gacacaaac C amber bottle at 4°C 

gtcagt caag ataaatggitt citgtgccaaa totattitt.ca MB+ stock 

agggit acaac gtcaaac at C tittatgtcg aaggacagag 30 

tacatgagaa aagaaac tag Ingredient Add per 1 L 

MX-Medium (Rooting) Glycine 0.2 g 
Thiamine-HCl 0.01 g 

35 Nicotinic acid 0.05 g 
Pyridoxine-HCl O.OS 

Ingredient Add per 1 L Myo-Inositol 10 g 

MSI 100 ml 
MS II 10 ml 
NaFeFDTA 1 ml 40 Bring up to Volume and refrigerate 
MB- 10 ml RMOP Medium Stock 
Sucrose 30 g 
Bring up to volume and then pH 
pH S.7-5.9 
Add Agar 
Agar 8 g 45 Ingredient Add per 1 L 

MSI 100 ml 
MS I Medium Stock MS II 10 ml 

SB III 10 ml 
NaFeEDTA (0.1M) 1 ml 
6-BA (20 mg/l) 50 ml 

50 Casein hydrolysate 0.5 g. 
Ingredient Add per 1 L NAA (100 mg/l) 1 ml 

Sucrose 30 g 
NHNO 16.50 g Bring up to volume and then pH 
KNO. 19 g 
CaCl2—H2O 4.40 9. pH S.21-5.8 
MgSO 7H2O 3.70 g 55 Add Gerlite 2 g 
KHPO, (monobasic) 1.70 g 

Add one chemical at a time, in order, making Sure it dis- SB III (B5Vitamin Stock) 
solves completely before adding the next. 
MS II Medium Stock 60 

Ingredient Add per 100 mL. 

Nicotinic acid 10 mg 
Ingredient Add per 1 L Thiamine HCL 100 mg 

Pyridoxine HCI 10 mg 
HBO 0.62 g 65 Myo-inositol 1 g 
MnSOHO (or MnSO4H2O) 1.69 g 
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Add one chemical at a time, in order, making Sure it dissolves 
completely before adding the next. Refrigerate. 

6-BA (6-benzylaminopurine) 20 mg/l Add per 1 L: 0.0200 g 

Add few drops of 1N KOH to 400 ml beaker. Dissolve the 
6-BA in the KOH and add water. Be sure that the 6-BA is 
dissolved, rinse into 1 L Volumetric flask and bring up to 
volume. Store in brown bottle in the refrigerator. 

NAA (naphthaleneacetic acid) 100 mg/l Add per 1 L: 0.1 g 

1. Add 2 ml 95% ethanol to 400 ml beaker; 
2. Add the powder; 
3. Dissolve in Ethanol: 
4. Meanwhile boil distilled water (100-200 mls) in a bea 

ker; 
5. Add boiling water to the beaker containing the ethanol 

and NAA; 
6. The NAA should stay in solution; 
7. Allow to cool; 
8. Rinse carefully into a 1 L volumetric flask: 
9. Bring up to volume. Refrigerate. 

DOCUMENTS CITED 

These documents are cited to the extent they relate to 3 
materials and methods, and are incorporated herein by refer 
CCC. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 19 

<21 Oc 
<211 
<212> 
<213> 
<22 Os 

SEO ID NO 1 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

primer 

<4 OOs SEQUENCE: 1 

Ctaaaag.cgg galacttgatt cogc 

SEO ID NO 2 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

primer 

<4 OOs SEQUENCE: 2 

totgtacact tcaaatgggit cago 

SEO ID NO 3 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

10 

15 

25 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

20 
Bernasconi et al., (1994) Functional expression of Arabidop 

sis thaliana anthranilate synthase Subunit I in Escherichia 
coli. Plant Physiol 106:353-358. 

Cho et al., (2000) Increasing tryptophan synthesis in a forage 
legume Astragalus sinicus by expressing the tobacco feed 
back-insensitive anthranilate synthase (ASA2) gene. Plant 
Physiol 123: 1069-1076 

Song et al., (1998) Tissue culture-specific expression of a 
naturally occurring tobacco feedback-insensitive anthra 
nilate synthase. Plant Physiol 1 17:533-543. 

Svab et al., (1990) Stable transformation of plastids in higher 
plants. Proc Natl AcadSci USA 87: 8526-8530. 

Svab & Maliga P (1993) High-frequency plastid transforma 
tion in tobacco by selection for a chimericaadA gene. Proc 
Natl AcadSci USA 90:913-917. 

Widholm, (1981) Utilization of Indole Analogs by Carrot and 
Tobacco Cell Tryptophan Synthase in Vivo and in Vitro, 
Plant Physiol.: 67(6):1101-1104. 

Zhanget al., (2001) Targeting a nuclearanthranilate synthase 
alpha-Subunit gene to the tobacco plastid genome results in 
enhanced tryptophan biosynthesis. Return of a gene to its 
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U.S. Pat. No. 6,388,174 
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U.S. Pat. No. 6,118,047 
U.S. Pat. No. 6,515,201 

Synthetic 

24 

Synthetic 

24 

Synthetic 
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- Continued 

primer 

<4 OOs, SEQUENCE: 3 

acct tagtga t ct cqc ctitt cacg 

<210s, SEQ ID NO 4 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 4 

t cat atttct gcgggcataa gagt 

<210s, SEQ ID NO 5 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 5 

ggtaticagog caagttctitt 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 6 

tcggtgatga taatcggctg 

<210s, SEQ ID NO 7 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 7 

taagaacggc catgcaccac C 

<210s, SEQ ID NO 8 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 8 

aaggaattga C9gaagggca cca 

<210s, SEQ ID NO 9 
&211s LENGTH: 1851 
&212s. TYPE: DNA 
<213> ORGANISM: Nicotiana tabacum 

<4 OOs, SEQUENCE: 9 

24 

Synthetic 

24 

Synthetic 

Synthetic 

Synthetic 

21 

Synthetic 

23 

22 





agtgtcacct 

tgagtttitt c 

cgtgggattg 

tatgaa.gc.gc 

25 

aac titg att cog citg cac aaa 
Asn Lieu. Ile Pro Lieu. His Llys 

212. TYPE : 

SEQ ID NO 11 
LENGTH: 13 

PRT 

peptide 

<4 OOs, SEQUENCE: 11 

tgacgtggtg gaagt catca 

tagttggatt togctic ccc.cg 

acgtgagggg gCagggatgg 

atggat Ct c agttgtaggg 
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gttcgagcct gattatc cct aagcc caatg 

cc.gtcgttca atgagaatgg ataagaggct 

Ctatatttct gggagcgaac tocgggcgaa 

agggattt atg gct tct aaa agc ggg 
Met Ala Ser Lys Ser Gly 

1. 5 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

Met Ala Ser Lys Ser Gly Asn Lieu. Ile Pro Lieu. His Llys 
1. 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

22 Os. FEATU 
&223s OTHER 

5 

D NO 12 
H: 3 OO 
DNA 

RE: 

Construct 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (61) ... (99) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (103) . . (114) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (118) ... (192) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (196) ... (249) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (262) ... (276) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (280) ... (3 OO) 

<4 OOs, SEQUENCE: 12 

INFORMATION: Description of 

ORGANISM: Artificial Sequence 

aacgcttgga aat attagtg tctagagtac aagga attga gtctic caagg ttatctoccg 

gtt 
Wall 

1. 

gaa 
Glu 

agc 
Ser 

ttg 
Lell 

Ctg td 
Lieu. Trp 

aca toga 
Thir 

aca ttg 
Thir Lieu. 

aga gala 
Arg Glu 

at t t ct 

Ile Ser 
5 

caa gtg 
Glin Wall 

Ctg cag 
Lieu. Glin 

35 

gaa cat 
Glu. His 

SO 

gta 
Wall 

agg 
Arg 
2O 

gag 
Glu 

ttg 
Lell 

citc. 

Lell 

agt 
Ser 

a Ca 

Thir 

Ctg 
Lell 

atg 
Met 

aca 

Thir 

tat 

acc 

Thir 

citt ttg gac citt cat taa cca agg 
Lieu. Lieu. Asp Lieu. His Pro Arg 

1O 15 

aga atg ctg. tct tac aag caa agg 
Arg Met Lieu. Ser Tyr Lys Glin Arg 

25 3O 

ttic aaa tog titt taa gtc. aac got 
Phe Llys Ser Phe Wall Asn Ala 

4 O 45 

cat ttg aag tet aca gag cat 
His Leu Lys Cys Thr Glu. His 

55 6 O 

taagaattgt ga atc caa goc cat at a tiga citt aca tac aag cca gag got 
Ile Glin Ala His Ile 

65 70 
Lieu. Thir Tyr Lys Pro Glu Ala 

18O 

24 O 

3OO 

356 

377 

Artificial Sequence: Synthetic 

6 O 

108 

156 

2O4. 

249 

26 
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- Continued 

<210s, SEQ ID NO 13 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 13 

Val Lieu. Trp Ile Ser Val Lieu Met Lieu. Lieu. Asp Lieu. His 
1. 5 1O 

<210s, SEQ ID NO 14 
&211s LENGTH: 4 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 14 

Pro Arg Glu Thr 
1. 

<210s, SEQ ID NO 15 
&211s LENGTH: 25 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 15 

Glin Val Arg Ser Thr Arg Met Leu Ser Tyr Lys Glin Arg Ser Thr Lieu. 
1. 5 1O 15 

Lieu. Glin Glu Thr Tyr Phe Lys Ser Phe 
2O 25 

<210s, SEQ ID NO 16 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 16 

Val Asn Ala Lieu. Arg Glu Glu. His Lieu. Lieu. Thir His Lieu Lys Cys Thr 
1. 5 1O 15 

Glu. His 

<210s, SEQ ID NO 17 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 17 

Ile Glin Ala His Ile 
1. 5 

<210s, SEQ ID NO 18 
&211s LENGTH: 7 

28 



212. TYPE: PRT 

29 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 18 

Lieu. Thir Tyr Llys Pro Glu Ala 
1. 5 

<210s, SEQ ID NO 19 
&211s LENGTH: 1874 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Construct 

<4 OOs, SEQUENCE: 19 

Ctaaaag.cgg gaacttgatt 

tgctggctta cc.ggtgtttg 

aatc.cgttga acctggittitt 

aac catctat ggaaattgtg 

gaaaattgac ccagaagact 

gatggaagcc Cagact catt 

atttct cata tdacacagtt 

cagaggatga cc.ggalacctt 

ttgat catgt tagaagaaa 

citct tcct gaggcatat citt 

aaggaattga gtctcCaagg 

gacctt catt aaccaaggga 

Calaaggagca cattgctgca 

gaagaacatt togctgaccca 

catatatgac ttacatacaa 

tgacacgtgt gaagaa.gaga 

ggaagacacic tatgaggat 

gcgcagagca cat catgctg 

Ctggttctgt gaatgtcgaa 

taagct coac ggt Ctctgga 

Ctgcattgcc tittgggacc 

atcagctaga agtagctcgg 

Caggtgacat gga catcgca 

atgacacaat g tatt catat 

aatc.cggggg tdaattgttg 

ataaagtagc cqgtctgtgc 

gacacaaacc gtcagt caag 

gtcaaacatc tdt tatgtcg 

gatgtacata aattictaaag 

cc.gctgcaca 

gtgaaagaag 

cgaggttcta 

gctaaggaac 

gtccaagatc 

gatgaactitc 

cgg tatgtag 

gcagatatt c 

gCacatgtga 

gatgggalaga 

titatic toccg 

aacatgacaa 

ggaga cat at 

tittgaagtgt 

gccagaggct 

agaattgtta 

gtgatgttgg 

gttgatttag 

aagct catga 

gagttgcttg 

gtCagtggag 

agagggcctt 

ctagotctaa 

acagatgc.ca 

gctgatagta 

cgagc cattg 

ataaatggitt 

aaggacagag 

tggittitt citt 

aalaccatttit 

acgaccgtga 

acaatgtgac 

c catgacgat 

citgatacctt 

agaac aggaa 

aattagg act 

ttcactgggit 

aacgcttgga 

gttctgtgga 

gtgaggagta 

ttcaaatcgt. 

acagagcatt 

gtattittagt 

atcgaccact 

aaatgcagat 

gacgaaatga 

gcgttgagcg 

atcatttaac 

Caccalaaggt 

acagtggtgg 

ggacgatggt 

atcct gatga 

acttggc.cga 

ctgtgccaaa 

tacatgagaa 

gttcagttta 
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ttctgat cat 

agctic Caagc 

Ctacagcgtg 

tatattggac 

tcc gaggagt 

ttgttggtgga 

gttgc catt c 

atacgaagat 

gcagttggat 

aat attagtg 

tittctgtact 

Caagaatgct 

tittaagttcaa 

aagaattgtg 

tgcatcgagc 

ggctgggaca 

gttaaaagat 

tgtaggaaag 

gtatt cocat 

Ctgttgggat 

aaaggcc atg 

gtttggaggc 

att CCtcaat 

ggaatgggitt 

ggalacagata 

gtcagcttitt 

totattitt ca. 

aagaalactag 

atct t t tact 

Synthetic 

Synthetic 

Ctgactic.cgg 6 O 

tttct ctittg 12 O 

gtgggggctic 18O 

caccacactg 24 O 

atttctgagg 3OO 

tgggttggitt 360 

Ctalagggctic 42O 

gtcattgttgt 48O 

cagtatt cat 54 O 

tctagagtac 6OO 

catgcttittg 660 

gtc.ttacaag 72 O 

cgctttgaga 78O 

aatccaa.gc.c 84 O 

ccagaaattit 9 OO 

agcagaagag 96.O 

gagaaacaac O2O 

gtgtcaaaac O8O 

gtgatgcaca 14 O 

gCactacgtg 2OO 

gagttgattg 26 O 

at t t cottt t 32O 

ggagctcgtt 38O 

gct catcto c 44 O 

gaatgcgaga SOO 

gtaaagggaa 560 

agggit acaac 62O 

cgaatatgaa 68O 

ggattgagac 74 O 

30 
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tgtagttgct galagatagitt gtttagaatg acctt cattt ttgttcct gaaaggacag 

tgcacatata tagcaaattig atcaaatgtt taatccttgt atgcdggtga gaatcaatgc 

catcagcaat ttgg 

The invention claimed is: 
1. A method of selecting a transformed plant cell, the 

method comprising: 
(a) expressing a nucleic acid sequence encoding a feedback 

insensitive anthranilate synthase (ASA2) in a plastid 
DNA (ptDNA); and 

(b) selecting the plant cell comprising a plastid that 
expresses the nucleic acid sequence by contacting the 
plant cell with a medium containing an indole analog, 
wherein the analog is at a concentration effective to 
inhibit the growth of a plant cell that does not express the 
nucleic acid sequence. 

2. The method of claim 1, wherein the indole analog is 
selected from the group consisting of 4-fluoroindole, 5-flu 
oroindole, 6-fluoroindole, 6-aminoindole, 4-methylindole, 5 
methoxyindole, 7-methoxyindole, and a combination 
thereof. 

3. The method of claim 1, wherein the concentration of the 
indole analog ranges in concentration from 1 uM to about 10 
mM. 

4. A method for selecting a transformed plant cell, the 
method comprising: 
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(a) expressing a nucleic acid sequence encoding a feedback 
insensitive anthranilate synthase (ASA2) or a functional 
fragment thereof in a plant cell by introducing the 
nucleic acid sequence in plastid DNA (ptDNA); and 

(b) selecting the plant cell that expresses the nucleic acid 
sequence by contacting the plant cell with a medium 
comprising indole analogs, at a concentration effective 
to inhibit the growth of a plant cell that does not express 
the nucleic acid sequence. 

5. A homoplastomic plant regenereated from a plant cell, 
wherein the transformed plant cell comprises a nucleic acid 
sequence encoding a feedback insensitive anthranilate Syn 
thase (ASA2) in plastids or a functional fragment thereof as 
the sole selection marker. 

6. The homoplastomic plant of claim 5 further comprising 
a gene of interest that confers one or more of the traits selected 
from the group consisting of disease resistance, increased 
biomass, reduced lignin content, increased nutritive value, 
stress tolerance, and pest resistance. 


